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In experiment with the SND detector at the VEPP-2M e + e~ collider the e + e~ — > 777 cross section 
was measured in the center-of-mass energy range _E=0.60-1.38 GeV with the integrated luminosity 
of 27.8 pb _1 . The measured cross section is well described by the vector meson dominance model 
with contributions from the p(770), w(783), <?i(1020), p'(1465) resonances and agrees with results 
of previous measurements. The decay probabilities B((j> — > 777), B(u) — > 777) and B(p — ► 777) were 
measured with the accuracies better than or comparable to the world averages. 

PACS numbers: 13.66.Bc, 14.40.Aq, 13.40.Gp 



^ , I. INTRODUCTION 

Measurements of the vector mesons radiative decays p, uj,^> — > 7r°7, 777 were subject of experimental investigation 



in several tens of experiments during more than 40 years [lj. However, further improvement of accuracy of these 



branching ratios measurements is still important for development of various phenomenological models — quark models, 
■ SU(3) based linear and non-linear sigma models and vector meson dominance models, [H,IHi|. 

\ The vector meson radiative decays give information on the underlying non-perturbative QCD dynamics and this is 
one reason why interest in such decays is still not exhausted. The 77 meson is a member of the low-lying pseudoscalar 
octet and therefore is a would-be Goldstone boson associated with the spontaneous breaking of chiral symmetry in 
the QCD vacuum. Besides it is significantly connected to the 77' meson which by itself is strongly affected by QCD 

^ ' axial anomaly. Therefore any information about the 77 meson structure, and the vector mesons radiative decays are 
one of sources of such information, will give a clue about the QCD vacuum and mechanisms of the chiral symmetry 

£s ■ breaking. 

Theoretically radiative decays with the 777 final state were investigated in the context of a quark-level linear sigma 
i£2 • model using QCD sum rules jy| and in the framework of the non-relativistic quark model Q. 

Another interesting theoretical problem where the high precision experimental input from the vector meson radiative 
decays is welcome is the 77 — 77' mixing problem. As the experimental data became more precise it turned out that 
the traditional one mixing angle scheme does not work properly and more sophisticated two mixing angle description 
was developed js). The physics underlying 77 and 77' mesons constitutes a vivid and fascinating research field today 
providing unexpected challenges and surprises [9j . 

The best accuracy in measurement of the decay probabilities p, u>. (j> — ► 777 was achieved in the last e + e~ storage 
ring experiments with CMD-2 El El El and SND El El El III E3 detectors through investigation of the 
e + e~ — > p, lj, 4> — * 777 processes. The reached accuracy is of the order of 10% for the decays p, uj — * 777 and 
about 2% for the — > 777 decay, and the last result has been obtained by averaging more than 10 measurements with 
accuracies of the order of 5% each. 

In this paper we present results of our studies of the process 

e+e" -> 777, (1) 

with the subsequent decays of the 77 meson into the three-pion final states: 

77 -> Sir (2) 
77 — > 7T + 7r~7r°. (3) 
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Experimental data with integrated luminosity of 27.8 pb _1 collected in experiments with the SND detector at the 
VEPP-2M collider in the center-of-mass energy range Z?=0.60-1.38 GeV were analyzed. 

The aim of the present work is to increase the accuracy of measurements of the decay probabilities p, u>, </> — > 777, and 
also to measure the cross section in the non-resonant region, in particular, at energies above the 0-meson resonance. 



II. THE SND DETECTOR 

The general purpose non-magnetic detector SND 0] was developed for experiments at VEPP-2M e + e~ collider. 
The basic part of SND is a three layer electromagnetic calorimeter consisting of 1632 Nal(Tl) crystals. Total thickness 
of the calorimeter is 13.4 radiation lengths. The calorimeter covers nearly 90% of the full solid angle: 18° < 6 < 162°, 
where 6 is the polar angle. Dependence of the energy resolution of the calorimeter on energy of the photon is given 
by the formula cr B /£: 7 (%) = 4.2%/ ^£ 7 (GeV), while the angular resolution is a v = 0.82/ y/E^GeV) © 0.63 degrees. 

For determination of charged particles production angles, two coaxial cylindrical drift chambers are used. The 
angular resolution is 1.8° in polar direction, and 0.53° in the azimuthal direction. 

Experiments were performed in 1995-2000 in the energy range _E=0.38- 1.38 GeV. The statistics was collected by 
repeated scanning of the energy range with variable step. Integrated luminosity was measured using elastic scattering 
and two-photon annihilation with 2% accuracy. In total the SND detector recorded about 1.5 x 10 9 events. From 
them about 10 are events with 0-meson production and decay, 3.7 x 10 6 with the w-meson production, and 7 x 10 6 
with the p-meson production. 



III. SELECTION OF EVENTS IN THE DECAY CHANNEL r? 3tt° 

Selection of events of the process under study in the decay mode @ was performed in several steps. At the 
first stage the events satisfying the following conditions were selected: 

1. Nj > 6 , where iV 7 is the number of reconstructed photons in an event; 

2. N c = , where iV c is the number of reconstructed charged particle tracks; 

3. 0.7 < Etot/E < 1.2 , where E tot is the total energy deposition in the calorimeter; 

4. cPtot/E < 0.2 , where Ptot is the total momentum of photons; 

5. (Etot ~ cP to t)/E > 0.7. 

We allow a loss of one soft photon from 7 final photons of the e + e~ — > 777 — * 37r°7 reaction. Besides, we accept 
events with extra photons (iV 7 > 7) . The extra photons appear as a result of shower splitting in the calorimeter or 
superimposed machine background. Since the final state of the process under study includes only photons, the energy 
deposition in the calorimeter and the total photon momentum (magnitude of the vector sum of photon momenta) 
are close to e + e~ center-of-mass energy and zero, respectively. Fig^ shows two-dimensional distribution of these 
parameters for data events, and Monte-Carlo (MC) simulated events of signal and background processes. The line 
indicates the selection cuts 3, 4 and 5. With the use of these criteria, 47676 events have been selected. 
As the background sources one has the following processes 

e+e- -> K S K L , K s -> 2^°, (4) 
e+e- -> 7r°7r°7, (5) 
e+e- -► cjttV, lu -> 7T°7. (6) 

Analysis of the experimental data has shown that the quantum-electrodynamic events from processes with large cross 
sections, for example: 

e+e" -> 2(3)7, (?) 

also can give the required event configuration when the machine background is superimposed on them. The contri- 
butions of other background processes are negligible. 

For events selected at the first stage, kinematic fits using the measured photon angles and energies, and energy- 
momentum conservation laws, were performed. The quality of each kinematic fit is characterized by the parameter 
X 2 - Five kinematic hypotheses were checked: 
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FIG. 1: Two-dimensional distributions of normalized calorimeter energy deposition vs. normalized total momentum of the 
detected particles for the selected data events in the whole energy region (a) and for simulated events of the signal and 
background processes (b,c,d). Solid lines indicate the selection cuts. 
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In hypotheses 2, 4, 5 additional constraints on invariant masses of the photon pairs and on the invariant mass of the 
7r°7 system were applied. In case when the number of detected photons in the event exceeded the number of photons 
necessary for the given hypothesis, kinematic fit was performed for all possible photon combinations and the one with 
the lowest \ 2 value was selected. 

In the energy region below 1 GeV the process e + e~ — * 777, 77 — * 37r° is the only process with a significant cross 
section and multi-photon final state. In the </>-meson region there is a contribution from the process Since this 
energy region is above the urn production threshold, there is also a background from the process ©. 
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FIG. 2: The Xn-y distributions for data events with E < 1.06 GeV (points with error bars). The dashed histogram shows the 
expected distribution for background processes Q and JjsJ scaled by a factor of 100. The solid histogram shows the sum of 
simulated signal and background distributions. The data and simulated distributions are normalized to the sane area. The cut 
on Xn-y is indicated by the arrow. 




FIG. 3: Recoil mass of the most energetic photon in e + e~ — > wy{n > 6) events, a) 0-meson region; b) ui and p mesons 
region. The histogram shows MC simulation of the process e + e~ — > ijy, rj — > 3tv°. The shaded histogram shows simulation of 
all background processes. Points with error bars are data. Vertical arrows indicate the cut on M rec used for final selection of 
signal events. 



For separation of events of the process at E < 1.06 GeV and suppression of the background from processes Q, 
(J3J) and J7J, the following cuts on the \ 2 parameters were imposed: 

1- X% < 30 ; 

2- X§ 7 > 20 ; 

3. xlo^ > 20 . 

The distributions of Xn-f f° r data events and simulated signal and background events are shown in Fig. 

After applying these selections criteria about 32 x 10 3 events were left for further analysis. The recoil mass 

distribution of the most energetic photon M rec is presented in Fig. [3] for energies close to the u and <f> resonances. 

Events in Fig(2t> with M rec > 0.6 GeV are attributed to the process (QJ. Final selection of events was carried out 

with the cut 0.4 < M rec < 0.6 GeV. 

The contribution of the background process Q for each energy point in the 0-meson region was determined as 

follows: 

, . N{f c K (0.4 < M rec < 0.6) 

- <- (0 ' 6 * < as) A|g;io. 6 <M rM <o- 8 r < 8 » 

where N^ Kl (0.4 < M rec < 0.6) and N^ Kl (0.6 < M rec < 0.8) are number of MC simulated events of the process (gj) 
with recoil mass of the most energetic photon in intervals 0.4-0.6 GeV and 0.6-0.8 GeV, respectively. iV^ 1 '^ (0.6 < 
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M rec < 0.8) is the number of data events with 0.6 < M rec < 0.8 GeV. The contribution of the background process (@J 
for the energy points in the range 1.00 - 1.03 GeV is about 1.2% of the total number of selected events at each point. 
The systematic error on the background event number from the process (@J is 40%. It was estimated as a difference 
between the calculation with the formula (JSJ and direct estimation by simulation. 

In the energy range from 1.06 GeV (the W7r 7r production threshold) up to 1.40 GeV the contribution of the 
background process © is comparable to that of signal process Q . The kinematics of events (0 closely resembles the 
kinematics of events which complicates the suppression of the background related to the process 10. Therefore, 
additional selection criteria were applied to events in the energy region E > 1.06 GeV: 

1. N y = 7, 
2- X* 7 < 60 ' 

With these conditions 47 events with energy E > 1.06 GeV were selected fTables ITTT1 llVfl . 

The estimation based on measured cross section of the process © |19| and its detection efficiency determined from 
the MC simulation for selection criteria described above shows that the background from the process © is negligible. 

IV. SELECTION OF EVENTS IN THE r) -> tt + tt~tv° DECAY MODE 

For selection of events of the signal process Q in the decay mode ©, the following selection criteria were applied 
at the first stage: 

1. N c = 2, 

2. N y > 3, 

3. Ri < 0.25cm, where Ri is the distance between the i-th charged particle track and the beam axis, 

4. \Zi\ < 10cm, where Zi is the coordinate of the charged particle production point along the beam axis. 
The main background process at energies near and below the <f> resonance is the process 

e+e- -> TT+TT^TT (9) 

with an extra photon from beam background, photon radiation by initial or final particles or nuclear interaction of the 
charged pions with the detector material. In the energy region above the cf> meson, the main background contribution 
is expected from the process 

e+e" -> 7r + 7r"7r°7r° . (10) 

For energies above 1.06 GeV this background significantly exceeds the signal, thus the process Q in the mode © 
was not studied at energies above 1.06 GeV. 

For about 3.7 x 10 5 events selected with the above-stated criteria in the energy range E < 1.06GeV, the kinematic 
fit was performed in two hypotheses: 

1. e+e~ — > 7T + 7r~7r°7 — > n + n~jjj (xL^)) 

2. e + e~ — > 7r + 7T~7r° — > ir + ir~jj (xiw)- 

For selection of events of the process e + e~ — > 7r + 7r~7r°7 and suppression of the background from the process © the 
following cuts were used: 

1- XL 7 < 25, 

2. xL > 50. 

Distributions of the selected events over the recoil mass of the photon, which is not included into the reconstructed 
7r°-meson, are shown in Fig.0|for three energy points. Events of the process Q form a narrow peak near the 77-meson 
mass. Events of the background process have the distribution which is well described by a linear function in the 
recoil mass interval 0.45-0.7 GeV. 
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FIG. 4: Distributions of the recoil mass of the photon not included into the reconstructed 7r°-meson for selected data events 
(histogram). The curve represents the result of the fit described in the text, a) E = 0.764-0.774 GeV; b) E = 0.784 GeV; c) 
E = 1.022 GeV. 
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FIG. 5: The dependence of the detection efficiency of the process e + e — > 777, r] 
radiation photon, a) E < 0.88 GeV; b) 0.88 < E < 1.06 GeV; c) E > 1.06 GeV. 



3tv° on the energy of the initial state 



The number of events of the process e + e~ — > 7/7 — > 7r + 7r~7r°7 in each energy point was determined by approximating 
the recoil mass spectra by a sum of the signal and background distributions. For the description of the shape of the 
signal spectrum so called Novosibirsk function pflj was used which parameters (the width and asymmetry) were 
taken from simulation. Comparison of the rj line-shapes for the simulated and data events was performed in the 
energy range close to the </>-meson resonance (Fig. 0J;) and it was shown that the simulation reproduces the data 
shape with sufficient accuracy. The recoil photon spectrum for the background events was approximated either by a 
linear function or by a parabola. The difference between the results of approximations with two different shapes of 
the background was used for the estimation of the associated systematic error. The obtained numbers of events for 
different energy points are listed in the Table [V] The quoted errors are statistical and systematic, respectively. For a 
part of the data points the statistics of neighboring energy points were summed together. In this case the boundaries 
of the energy interval are shown in the Table [V] 



V. DETECTION EFFICIENCY 



Detection efficiency for the process under study was determined from Monte-Carlo simulation which takes into 
account the radiative corrections due to photon radiation by initial particles |2lj | . Angular distribution of these photons 
was modeled according to the work |22j. The detection efficiency was evaluated as a function of two parameters: the 
center-of-mass energy and the energy of the additional photon E r . FigO shows the dependence of the detection 
efficiency of the process e + e~ — > 777, 77 — > 3ir° on E r . When the "lost energy" E r increases, the efficiency falls at first 
and then increases again. Such behavior is due to the presence of two different photons in an event: one from the 
vector meson decay V ~ > 777 and the another from the initial state radiation. As the initial state radiation photon 
reaches its highest allowed energy, it starts to substitute the decay photon, which becomes soft. In fact the number of 
events from this kinematic region is negligible due to low probability of hard photon emission and very low e + e~ — > 7/7 
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cross section at threshold. 

Detection efficiency values e(E, E r ) were calculated in each energy point for both decay channels of the 77-meson 
and © . The efficiency obtained from the simulation was corrected to take into account the difference of the detector 
response simulation from reality. The evaluation of correction factors is described in the section TVIII 

The visible cross section of the process e + e~ — * 777 can be written as 



xE s 



e r {E, ^)F{x, E)a(Vl - xE)dx , 



(11) 



where <j(E) is the Born cross section, which one needs to extract from the experiment, F(x, E) is a function describing 
a probability distribution of the energy fraction x = 2E r /E [2l| taken away by the additional photon. Equation QUI) 
can be rewritten in the traditional form: 



&vis{E) = e(E) a(E) (1 + 6(E)) , 



where the parameter e(E) is defined as follows: 



e(E) = e r (E, 0) 



(12) 



(13) 



and 6(E) is the radiative correction. 

Technically the determination of the Born cross sections is performed as follows. With the use of formula Hll|) 
the energy dependence of the measured visible cross section is approximated. For that the Born cross section is 
parametrized by some theoretical model describing the data well. With the use of the obtained parameters of the 
model, the radiative correction is determined and then with the formula (|12|) the experimental Born cross section 
a is calculated. To estimate the model dependence of the radiative correction due to the choice of cross section 
approximation function, several models of the Born cross section parametrization are used. 

VI. CROSS SECTION PARAMETERIZATION 

Energy dependence of the e + e _ — > 777 Born cross section was parameterized according to the vector meson domi- 
nance model: 



a VJ (E) 



q(E) 3 
E 3 



E ME) 

V—p, u>, <p,p' 



A V (E) = mvTve%VV ■ /-?£■ 



D V (E) V q(m v ) 



(14) 



Dv(E)=m 2 v -E 2 -iET v (E), q (E) = -^l-^j . 

Here my is the resonance mass, Ty(E) is its full width which depends on energy (Ty = Vy(my)), cry — 12t:B(V — > 
e + e~)/m v and try^ 7 = <jyB(V — > 777) are Born cross sections of the e + e~ — > V and e + e _ — > V — > 777 processes at 
E = my, B(V — > e + e~) and B(V — > 777) are branching fractions of the corresponding decays, (fy are interference 
phases (ip p = 0). 

At approximations of the data, the free parameters were <J pr]1 , (Turn, v^ni an( l l ne phases tp u , ip^. In the energy 
region above the </>-meson resonance it is necessary to take into account contributions from decays of the radial 
excitations of the p, u> and <f> mesons. As the experimental statistics in this energy region is scarce, we restricted 
ourselves to introduction of just one additional resonance with the mass M p > = 1.465 GeV and width T p > = 0.4 GcV. 
The cross section at the resonance cr p '^ 7 and the phase (p p i were also free parameters. 



VII. SYSTEMATIC UNCERTAINTIES 



The systematic errors on the measured Born cross section include the contributions of uncertainties in the detection 
efficiency, the luminosity measurement, and systematic errors of the background subtraction which were discussed 
above. 
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To take into account imperfect modeling of the detector response, the detection efficiency determined from simula- 
tion was multiplied by a correction factor, ft was evaluated using events from the energy interval in the vicinity of 
the 0- meson resonance where the process can be extracted with low background by application of the selection 
criteria less stringent than those described in Section ITTT1 In particular, we can exclude the condition x^ 7 < 30 and 
calculate the corresponding correction factor (connected with the application of this condition) as follows: 

= N data { x 2 ni < 30) N M c 
r%l -< N M c(x 2 ni < 30) N data ' 

where Ndata, Nmc are event numbers in the data and simulation, respectively, without the cut on x„ 7 , NdataiXn-y < 
30), A r Mc(x« 7 < 30) are numbers of events with Xn-y < 30. For data events the preliminary subtraction of the 
background from the process e + e~ — > KgK^ was performed. Analogous corrections were calculated for all other 
selection conditions used in the analysis. The overall correction factors for the mode 10 were 0.990 ± 0.004 and 
0.952 ± 0.004 for selection criteria used for energies E < 1.06 GeV and E > 1.06 GeV, respectively. Since the fraction 
of events rejected by the selection cuts is practically independent on energy, the correction found at 0-meson was 
applied to all energies. The uncertainty of the correction factor was included into the detection efficiency uncertainty. 

As it was discussed earlier, additional "false" photons appear in the SND calorimeter because of beam-background 
pile-up. To take into account this effect in the Monte-Carlo simulation, actual events recorded with special random 
trigger were merged with simulated events in proper proportion. Unaccounted difference in photon multiplicities 
between data and simulation can lead to an additional uncertainty in the detection efficiency. Another effect which 
is not compensated by the correction factor considered above is a possible inaccuracy of the calorimeter response 
modeling near the calorimeter edges. 

To estimate the influence of these effects we analyzed events with additional conditions A 7 > 7 and # 7 > 36°, where 
7 is a polar angle of the detected photon. The following ratios have been calculated: 

jsrdata( N > -\ atMC 

r N„ = Ar ,, r ,; i>r 7 ~ ' —r— = 0.989 ± 0.008 , 

iy -i N MC (N 7 > 7) N data 

N data {6 1 > 36°) N MC 



Ve -< N MC {9 1 > 36°) N data 



= 1.016± 0.010 . 



Although both ratios are compatible with unity, we use their deviations from unity as estimates of the systematic 
uncertainties connected with discrepancies of the photon multiplicity and edge effects modeling. 

Thus the total systematic error of the detection efficiency for the mode (J2J is estimated to be 1.9%. 

For the decay mode ©, the total correction factor for the detection efficiency turned out to be 0.942 ± 0.08. The 
uncertainty due to the "edge effect" was taken from the analysis of the channel The total systematic error for 
the decay mode (0 is 1.8%. 

The integrated luminosity was determined by using two QED processes e + e~ — > e + e~ and e + e _ — > 77 which 
cross sections are known with accuracy better than 1%. The difference between these two luminosity measurements 
was used as an estimate of the systematic uncertainty of the luminosity determination. It is 2% and practically 
independent of the beam energy. 

The uncertainty in the the radiative correction calculation includes the theoretical uncertainty which does not 
exceed 0.1% |2lJ, and the model uncertainty, which is also 0.1%. 



VIII. RESULTS OF THE CROSS SECTION APPROXIMATION 



Before carrying out approximation of the cross section energy dependence, the ratio of the 77-meson decay proba- 
bilities in two r\ decay modes was calculated from the corresponding event numbers and detection efficiencies. It was 
found that the ratio does not depend on the beam energy. Therefore combined approximation of the visible cross 
sections measured in two decay modes was performed. For the decay probabilities r\ — * 37r° and 7r° — ► 27 the world- 
average values Q were used, the ratio of the decay probabilities rj — > 3n° and rj — > TT + n~n° was a free parameter. As 
a result of the approximation the following value of this ratio has been obtained 

6(?? ^ 37r0) = 1.46 ±0.03 ±0.09, 



B{rj — * 7T+7T 7T°) 



The systematic error includes uncertainties in the detection efficiency, the luminosity measurement, and the systematic 
error in the number of selected events. Our result is in a good agreement with the world-average value 0, 1.44 ±0.04. 
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TABLE I: Results of approximation. The first error is statistical, the second systematic. 



<P<t> 
<P P > 



(0.273 ± 0.029 ±0.006) nb 
(0.797 ± 0.079 ±0.017) nb 
(11.3 ±8.1 ±0.3)° 
(57.14 ± 0.79 ± 1.26) nb 

(170 ±12 ±4)° 
(0.020±g-gJ| ± 0.001) nb 
(61±jg ± 2)° 
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FIG. 6: Cross section of the process e + e _ — » 777 measured in the r\ — > 3ir° decay mode (a,b) and the 77 — > 7r + 7r~7r° decay mode 
(c). 

Further approximation was performed with this ratio fixed at the world-average value but with its uncertainty taken 
into account. 

Values of the cross sections at the resonance maximums and the interference phases obtained as a result of approx- 
imation are presented in the Table [i] 

The cross section of the e + e~ — > 777 process in the modes 77 — > 3ir° and 77 — > 7r + 7r~7r° is shown in Fig|5]and in the 
Tables ITTT1 II VI and[3 Using the world-average values for the masses and for the decay probabilities p, u>, <fi — > e + e~ 
we can calculate the decay probabilities into the 777 final state: 

/3(p^?77) = (2.40 ± 0.25 ± 0.07) x 10" 4 , 
/3(w^?77) = (4.63 ± 0.46 ± 0.13) x 10" 4 , 
/3(0-> 77 7 ) = (1.362 ± 0.019 ± 0.035) x 10" 2 . 
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TABLE II: The values of p,w,4> — > 777 branching fractions obtained in this work (second column) and in the most precise 
previous experiments (third column). The first error is statistical, the second systematic. The current world-average value are 
listed in the fourth column. 



This work Previous measurements PDG ^ 

B(p -> J77) x 10 4 2.40 ±0.25 ±0.07 3.28 ± 0.37 ± 0.23 [11] 3.0 ± 0.4 

B(lu -f 777) x 10 4 4.63 ±0.46 ±0.13 5.10 ± 0.72 ± 0.34 [11] 4.9 ± 0.5 

-* »77) x !0 2 1.362 ±0.019 ±0.035 1.338 ± 0.012 ± 0.52 [15] 1.295 ±0.025 



IX. CONCLUSION 



In the present work the cross section of the process e + e — ► 777 was measured in the decay modes 77 — ► 37r° and 
r? — > 7r + 7r~7r° in the e nergy ra nge 0.60-1.38 GeV. The obtained data agree with the results of previous measurements 

The measured cross section is well described by the vector meson dominance model with contributions from p(770), 
w(783), 0(1020), and their excitations, represented in our fit to data by p'(1465). As a result of the data approximation 
we obtained the p,u>, <j> — ► 777 decay probabilities listed in Table ILTI together with the world-average values and most 
precise results of previous measurements. The quoted PDG values include SND measurements in r\ — ► 37r° and 
?/ — > 7T + 7r~7r° modes |0, based on a part of collected statistics. The present work uses full SND statistics and 
supersede the results of the measurements 0, ^3 ■ 

In contrast to previous measurements, the approximation of the e + e~ — * 777 cross section was performed with free 
interference phases and therefore the obtained values of the decay probabilities do not depend on model assumptions 
on these phases. The following values of the phases were obtained: 

tp u = (11.3 ±8.1 ±0.3)°, 
^ = (170 ±12 ±4)°. 

From the ratio of the e + e~ — > 7/7 cross sections in two 77 decay modes, the ratio of the 77 meson decay probabilities 
was measured: 

= 1.46 ±0.03 ±0.09. 



B(jl — > 7T+7T 7T°) 
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TABLE III: Cross section (a) of the process e + e — > 777 measured in the decay mode r\ — > 37r°. £ is center-of-mass energy, 
<5-E is its uncertainty, IL is integrated luminosity, N is number of selected events with background subtracted, eo is detection 
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TABLE IV: Cross section (cr) of the process e + e~ — ► rjj measured in the decay mode r\ — > 37T°. E is center-of-mass energy, 
5E is its uncertainty, IL is integrated luminosity, N is number of selected events with background subtracted, eo is detection 
efficiency, S is radiative correction. The first error is statistical, the second systematic. 
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TABLE V: Cross section (a) of the process e + e — > 777 measured in the decay mode r\ —> tt + tt tv°. E is center-of-mass energy, 
SE is its uncertainty, IL is integrated luminosity, N is number of selected events with background subtracted, eo is detection 
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